
Background
 Typical recurrent waveforms (as in Fig. 1) often exist in seizure EEG signals. 
Such morphological EEG seizure patterns are related to clinical seizure types [1]. 

• Fast spikes exist in most tonic seizures; 
• Spike-wave patterns occur during absence-like seizures, or at the end of tonic-clonic seizures; 
• Slow waves may present during focal seizures, and rhythmic delta/theta seizures; 
• Seizure-related EMG can exist in most tonic, tonic-clonic and myoclonic seizures. 

EEG seizure patterns may also correspond to different functional connectivity networks 
(FCNs) [2] of brain systems.
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Figure 1. The four major EEG seizure patterns.

 Intellectual disability is one of the 
most common secondary 
disabilities in people with epilepsy. 

 The 24-channel scalp EEG signals 
from 8 epilepsy patients with 
intellectual disability.

 EEG epochs of 24 seizure events 
(1414 seconds in total) and 1-min 
interictal EEG segments before 
each seizure onset were used in 
this study.

Correlation between probabilities of recurrence (CPR):

CPR is a nonlinear recurrence 
measure of the phase 
synchronization (PS) 
of chaotic systems [3]:
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Figure 3a. The spike-wave seizure with seizure onset at 0 sec. Figure 3b. The CPR and PLI-based FCNs (2-sec epoch). Figure 3c. Average connecting strength (CS) in each 
FCN based on CPR and PLI. (onset at 0 sec) 

Seizure pattern No. of 
seizure 
events

Accumulated time (sec) 
of EEG epochs

t test of difference 
between sez and non-sez

Non-seizure 
(1 min before)

Seizure CPR 
difference*

PLI 
difference*

A (spike) 8 480 88 -0.17 +0.09
B (spike-wave) 6 360 114 +0.14 #
C (wave) 6 360 747 +0.05 #
D (EMG) 4 240 465 -0.46 +0.16

Table 1. Statistical results of average CS on the EEG epochs from 8 subjects.

* denotes there is statistical difference between the non-seizure and seizure epochs in the column 
except that denoted by #. P value is smaller than 0.00001. 
# denotes no statistical difference between the non-seizure and seizure epochs.

‘+/ -’ denote normalized [-1 +1] increase/decrease from baseline (i.e., 1 min EEG before seizure).

Figure 4. The wave seizure with seizure onset at 0 sec (above), 
and the average connecting strength (CS) in each FCN based 
on CPR and PLI. (onset at 0 sec) (down).

FCNs measured by using CPR outperform that by using PLI, and CPR-based FCNs show 
statistical difference before and during seizures in all seizure patterns.

Phase lock index (PLI) [4]:
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Seizure pattern CPR (change after onset) PLI (change after onset)

A (fast spike) Decline (significantly) and return back Increase 

B (spike-wave) Further increase (based on a high level) No significant change

C (wave) Increase slightly  No significant change

D (EMG) Decline (significantly) and return back Increase

Table 2. Statistical results agree with observations.
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